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Proper understanding of the PD is important for above optical applications. The recent in situ simultaneous measurements of PD and photoinduced volume expansion ͑PVE͒ ͓and also PD and photoinduced defect creation ͑PDC͔͒ 5, 6 in amorphous As 2 Se 3 ͑a-As 2 Se 3 ͒ films show that the time evolutions of the changes in optical absorption coefficient ⌬␣ ͑PD͒, surface height ⌬h ͑PVE͒, and defect creation ⌬N ͑PDC͒ are empirically represented by the following function:
͑1͒
where A is a constant ͑equal to the total amount of change͒, and ␤ are the effective response time and the dispersion parameter, respectively, and y is the ⌬␣, ⌬h, or ⌬N at time t. Note that the ⌬h is given by just an exponential function ͑␤ =1͒, while the ⌬␣ is given by a stretched exponential function ͑␤ Ͻ 1͒. values for each ⌬␣, ⌬h, and ⌬N are also different.
As the PD is discussed with a change in the optical absorption coefficient ͑change in optical transmittance along the thickness direction͒, the dynamics of the PD may depend on thickness of the films. Dispersive dynamics ͑␤ Ͻ 1͒ was previously recognized to be an essential feature in the PD. [5] [6] [7] If the dynamics would be changed with thickness, we will be able to argue the origin of stretched exponential function in the PD occurrence and to discuss the correlation among PD, PVE, and PDC. In the present study, we perform in situ measurements of PD as a function of thickness of typical a-As 2 Se 3 films and then discuss the origin of stretched exponential dynamics. Note that stretched exponential dynamics for many phenomena in disordered matters is a perplexing issue for more than several decades. [8] [9] [10] [11] a-As 2 Se 3 films ͑75-1800 nm in thickness͒ were prepared onto quartz substrates by conventional thermal evaporation method in vacuum ͑ϳ2 ϫ 10 −6 Torr͒ at room temperature. The films were annealed for 2 h near the glass transition temperature ͑160°C͒ before illumination. He-Ne laser ͑wavelength of 633 nm with intensity of 200 mW/ cm 2 ͒ was used as an excitation light source and the optical transmittance of the excitation light was monitored with a photodetector. The measurements were performed at 300 K in a vacuum condition ͑ϳ10 −5 Torr͒. Solid curves in Fig. 1 show the example of the time evolution of the change in optical absorption coefficient ⌬␣ of a-As 2 Se 3 films for the film thickness d = 1800 nm. Here, ⌬␣͑t͒ is defined as ͕ln͓T 0 / T͑t͔͖͒ / d, where T 0 and T͑t͒ are the optical transmittance in the initial state and at time t, respectively. The dashed line in Fig. 1 is the fitting curve of the stretched exponential function. Note that a change in d during illumination ͑PVE͒ is very small ͑ϳ0.5%͒ and hence d here is taken to be a constant value. Fitting of Eq. ͑1͒ to the experimental data produces and ␤. Fitting to experimental data is reasonable and these are discussed below.
Figures 2 shows the fitting parameters and ␤ as a function of thickness in a-As 2 Se 3 films. As we expected, the values of and ␤, respectively, increases and decreases with the thickness of the films. Dashed line at 600 nm represents the penetration depth ͑d 0 ͒ of excitation light ͑inverse of the absorption coefficient, 1 / ␣, at the band edge͒. Note that a similar dynamics of photoinduced dichroism has been reported in a-As 2 Se 3 films. 12 6 In the following, we simulate the time evolution of the ⌬␣ and therefore, we will get and ␤ which may depend on the film thickness. Figure 3 shows the schematic illustration how to simulate the time evolution of optical absorption in films. A film is divided by ten layers along the thickness direction, and therefore each layer has the thickness of d / 10. ␣ i and i , respectively, are the optical absorption coefficient and the response time in ith layer from irradiated surface. Under the assumption of nondispersive ͑exponential͒ response in each layer, ␣ i ͑t͒ in ith layer can be given as
where ␣ 0 is the optical absorption coefficient before illumination and ⌬␣ m is the maximum change in ␣ under certain conditions, which depend on illumination intensity, temperature, etc. Here 1 is assumed to be a certain constant value being inversely proportional to the incident illumination intensity in the first layer. The response time means the inverse of reaction rate. The reaction rate is expected to be proportional to the number of absorbed photons. Therefore, we assumed that the response time is inversely proportional to the light intensity. This simple assumption may be valid, although there is no direct experimental evidence. i in ith layer is therefore given by
͑3͒
As the intensity of light transmitted through the film is written as
͑4͒
where I 1 is the incident light intensity to the first layer and n = 10 is used for the present simulation. Overall ␣͑t͒ is then given by
Open circles in Fig. 4 perimental results. It is thus concluded that a dynamic response of the PD itself essentially follows an exponential function ͑nondispersive͒ and the stretched exponential dynamics appears only for thicker films. Finally, we should discuss the dynamics of PD in thick ͑15 m͒ a-Se with a device structure reported by Reznik et al. 14 recently. The T / T 0 decreases exponentially to some constant value, which is not zero. This leads to nonexponential increase in ⌬␣, which may be similar to the present nonexponential function of PD for thick films.
In summary, it is clear that the dispersive dynamic responses of PD, empirically presented by a stretched exponential function, observed in relatively thicker films of amorphous chalcogenides originate from a series sequence of PD along the film thickness direction. In thin films, dynamics is presented by an exponential function, indicating that the PD itself is nondispersive in nature. Each sequence of PD along thickness direction can be given by exponential dynamics.
